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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at

Min b ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
i These heaters are
PDS, Open-On-Rise dual 2 thermostats Ggﬁié?a?;dg\:?e thermostatically
Group 1, Bus 100 113 126.5 -10°C / +5°C heater 1 in series No, by analysis heat pipes regulated. Two types
A element dedicated flanges of control thgrmo_stats
- are foreseen in this
PDS, Open-On-Rise dual 2 thermostats Ggﬁg é?a?;clg\:?e <(;)ase. .
Group 2, Bus 100 113 126.5 -10°C / +5°C heater 1 in series No, by analysis heat pi pen-on-rise
A element heat pipes thermostats: this type
dedicated flanges | is used to disable the
- heater system when
PDS, Open-On-Rise dual 2 thermostats G(I)lﬁgé?ag?rcg\:?e the PDS and the
Group 3, Bus 100 113 126.5 -10°C / +5°C heater 1 in series No, by analysis heat pines surrounding
A element dedicateg Flan e electronics units have
9 reached operative
Open-On-Rise ; temperature ranges.
PDS, -10°C / +5°C, dual 4 thermostats G(I)lﬁ(; J?a{);clgvsé(rje Close on rise
Group 4, Bus 100 113 126.5 Close-On-Rise heater 1 in series No, by analysis heat pipes thermostats: this type
- 0, | 0, H
A 40°C /-50°C element dedicated flanges is used to properly
control the overall
Open-On-Rise ; switch on sequence.
PDS, -10°C / +5°C, dual 4 thermostats G(I)l]J‘ert;é?atboarchvs;?e They are needed to
Group 5, Bus 100 113 126.5 Close-On-Rise heater 1 in series No, by analysis . control the amount of
A -40°C /-50°C element heat pipes heat transferred to the
dedicated flanges .
radiator panel by
Open-On-Rise : regulating the number
PDS, -10°C / +5°C, dual 4 thermostats Gcl)l;ergé?atb :rclgvs é?e of patches that are
Group 6, Bus 100 113 126.5 Close-On-Rise heater 1 in series No, by analysis - enabled. HPs, being
A -30°C /-40°C element heat pIpes their performances a
dedicated flanges per
function of the
working temperature,
could not transfer a
higher heat than the
. one rated at the
Open-On-Rise . e
Group 7, Bus 100 113 126.5 Close-On-Rise heater 1 in series No, by analysis heat pipes out the electric);l g
A -30°C /-40°C element pip *

dedicated flanges

heating circuit have
been designed to
enable progressively
the patches (via
close-on-rise
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Power at

Min b ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
Vdc) (\Vdc)
w |
thermostats),
increasing then HP
temperature and the
amount of heat
introduced" disabled
88.2 (@ . These heaters are
PDS, 106.1V on (F%\O/%}:) Open-On-Rise dual 2 trrsgr:r?zgats G(I)l]Jcerc;;?a{JOarchvs;?e thermostatically
Group 1, Bus PVGF) 100 113 126.5 -10°C / +5°C heater 1 No, by analysis heat pipes regulated. Two types
B (@ 113V (1SS) element dedicated flanges of control thgrmo;tats
on ISS) are foreseen in this
882 (@ . case.
PDS, 106.1V on (F%?/GG}:) Open-On-Rise dual ’ tihne ;r:r?g;ats G:)llj‘ergcg?a’?c?rcgvse“rje Open-on-ise :
Group 2, Bus | PVGF) 100 126.5 heater 1 No, by analysis - thermostats: this type
B (@ 113V Ilslg’ ~L0°C f+5°C element dedheiteglﬁ:z o is used to disable the
on ISS) (1SS) ica 985 1 heater system when
. the PDS and the
PDS 132%% 106.1 dual 2 thermostats Glued to back side surrounding
Group 3, Bus | PvGF) 100 | PYCF) | 1265 Open-On-Rise | poarer 1 In series No, by analysis | OF radiator over | gjecironics units have
B 113 -10°C / +5°C heat pipes hed :
@113V (1SS) element dedicated flanges reached operative
on ISS) 9 temperature ranges.
88.2 Close on rise
PDS 106 1\(/@0n 106.1 Open-On-Rise dual 4 thermostats Glued to back side | thermostats: this type
Groun 4. B pver 100 | (PYGH) 1965 -10°C / +5°C, heat 1 in series No. by analvsi of radiator over | is used to properly
roupB » BUS 113V 113 : Close-On-Rise | ed ert 0, Dy analysts heat pipes control the overall
@ s (ISS) -40°C /-50°C elemen dedicated flanges | switch on sequence.
on ISS) They are needed to
88.9 control the amount of
PDS 106 1\(/@0n 106.1 Open-On-Rise dual 4 thermostats Glued to back side | heat transferred to the
Groun 5. B pver 100 | (PVGP) 1965 -10°C / +5°C, heat 1 in series No. by analvsi of radiator over | radiator panel by
roupB » BUS 113\/ 113 ' Close-On-Rise Iea ert 0. by analysis heat pipes regulating the number
@ 1SS (1S9) -40°C /-50°C elemen dedicated flanges | Of patches that are
on ISS) enabled. HPs, being
) their performances a
PDS lgg'l\(/(%n 106.1 Open-On-Rise dual 4 thermostats Glued to back side | function of the
‘ ' (PVGF) -10°C / +5°C, in series ; of radiator over | working temperature,
Group 6, Bus | PVGF) 100 113 126.5 Close-On-Rise heater 1 No, by analysis heat pipes could not transfer a
B (@113v (I1SS) -30°C /-40°C element dedicated flanges | higher heat than the
on ISS) one rated at the
specific temperature.
PDS, 88.2 (@ 106.1 126.5 dual 1 4 thermostats No, by analysis Glued to back side P b

To avoid their drying
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Power at

Min b ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
Group 7, Bus 106.1V on (PVGF) Open-On-Rise heater in series of radiator over out, the electrical
B PVGF) 100 113 -10°C / +5°C, element heat pipes heating circuit have
(@ 113V (1SS) Close-On-Rise dedicated flanges | been designed to
on ISS) -30°C /-40°C enable progressively
the patches (via
close-on-rise
thermostats),
increasing then HP
temperature and the
amount of heat
introduced" disabled
113 @
ISS (we Needed to defreeze
Tracker are not . - A
- - . Glued to back side | ammonia heat pipes
Radiator going to Single 3 thermostats of radiator near and CO2 prior to
(including 155.7 operate 126.5 -25°C/-15°C element 37 in series+PDS No h - d Track prior
condensers) — these heater Line A10 eat pipes and on rac er_operatlon.
TTCS condensers | Will be disabled after
Ram - BUS A heaters
. start-up.
in hand-
off)
Tracker Needed to defreeze
. . Glued to back side ammonia heat pipes
Radiator see Single 3 thermostats of radiator near and CO2 prior to
(including 155.7 126.5 -25°C/-15°C element 37 in series+PDS No - prior
above . heat pipes and on Tracker operation.
condensers) — heater Line B10 - .
TTCS condensers | Will be disabled after
Ram - BUS B
start-up.
Tracker Needed to defreeze
- . Glued to back side ammonia heat pipes
Radiator see Single 3 thermostats of radiator near and CO?2 prior to
(including 155.7 126.5 -25°C/-15°C element 55 in series+PDS No - prior
above . heat pipes and on Tracker operation.
condensers) — heater Line A4 - .
TTCS condensers | Will be disabled after
Wake - BUS A
start-up.
Tracker Needed to defreeze
- . Glued to back side ammonia heat pipes
Radiator see Single 3 thermostats of radiator near and CO2 prior to
(including 155.7 126.5 -25°C/-15°C element 55 in series+PDS No - prior
above . heat pipes and on Tracker operation.
condensers) — heater Line B4 - .
TTCS condensers | Will be disabled after
Wake - BUS B

start-up.
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Power at .
. Min bl s . Number of L. .
Heater String v Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
oltage elements
(\Vdc) (\Vdc)
(W)
Needed when
Main Radiator Double sided electronic_s are off
" Ram. Set 1 Dual _2 the(mostats _ heaters glued to and to swnc_h-on J
Groupl 1 Bus’ 88.2 113 126.5 -8°C/0°C element 4 in sefles+PDS No, by analysis bgck side of _group Will be
A ' heater Line 2A radiator (2) and disabled after start-
JPD side walls (2) up. Will be enabled
on SSRMS.
Needed when

. . . electronics are off
| ety | o swihon:
Groupl 5 Bus‘ 78.2 113 126.5 -8°C/0°C element 20 in se.nes+PDS No, by analysis crate main walls _group Will be

A ' heater Line 2A (10x 2) disabled after start-
up. Will be enabled
on SSRMS.
Needed when

. . . electronics are off
y;';mRaggtir Dual 2 thermostats _ hela?tzlrjsb:;jé?jet(:) 3 and to switch-on J
Group‘3 Bus’ 68.6 113 126.5 -8°C/0°C element 20 in se.nes+PDS No, by analysis crate main walls _group Will be

A ' heater Line 2A (10x 2) disabled after start-
up. Will be enabled
on SSRMS.
Needed when
. . . electronics are off
E/lgngaggtir Dual _2 the(mostats _ hg:t):rt;lglsdggdto and to switc_:h-on J
' ' 58.8 113 126.5 -8°C/0°C element 2 in seriestPDS | No, by analysis . group Will be
Group 4, Bus h . back side of . )
A eater Line 2A radiator dlsable_zd after start
up. Will be enabled
on SSRMS.
Needed when

. . . electronics are off
E/lgngaggtir Dual _2 thermostats _ hg:t):rt;lglsdggdto and to switc_:h-on J
Grou ‘5 B ' 88.2 113 126.5 -8°C/0°C element 3 in se_rles+PDS No, by analysis back side of _group Will be

p 5, Bus ack side o
A heater Line 2A radiator dlsablgd after start-
up. Will be enabled
on SSRMS.

. . . Needed when
v;lngaggtir Dual _2 thermostats _ h;?:rZIZISLJSSdtO electronic_s are off
Grou ’6 B ' 88.2 113 126.5 -8°C/0°C element 3 in se_rles+PDS No, by analysis back side of and to swntc_:h-on J

p o, BUS heater Line 2A ack side o group Will be
A radiator

disabled after start-
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Power at

Min I b 2L Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
up. Will be enabled
on SSRMS.
Needed when
. . . electronics are off
v;lngag'eitgr Dual 2 thermostats h;(t):rzle Isulggdto and to switch-on J
' ' 78.4 113 126.5 -8°C/0°C element 2 in series+PDS No, by analysis g group Will be
Group 7, Bus h . back side of .
A eater Line 5A radiator disabled after start-
up. Will be enabled
on SSRMS.
Needed when
. . . electronics are off
ﬁ/l;l:mRagLattgr Dual 2 thermostats h;\?:rbsle Isulggcio and to switch-on J
' ' 78.4 113 126.5 -8°C/0°C element 2 in series+tPDS | No, by analysis 9 group Will be
Group 8, Bus ; back side of .
A heater Line 5A radiator disabled after start-
up. Will be enabled
on SSRMS.
Needed when
. . . electronics are off
ﬁ/lg;mRagLa}[tgr Dual 2 thermostats h;c;:rbsle Inggdto and to switch-on J
' ' 78.4 113 126.5 -8°C/0°C element 2 in series+PDS No, by analysis g group Will be
Group 9, Bus . back side of .
A heater Line 5A radiator disabled after start-
up. Will be enabled
on SSRMS.
Needed when
. . . electronics are off
ﬁ/l;l;mRagLa}[tgr Dual 2 thermostats h;c;:rbsle Inggdto and to switch-on J
' ' 78.4 113 126.5 -8°C/0°C element 2 in series+PDS No, by analysis g group Will be
Group 10, Bus . back side of .
A heater Line 5A radiator disabled after start-
up. Will be enabled
on SSRMS.
Needed when
. . . electronics are off
ﬁ/l;l;mRag:;tgr Dual 2 thermostats h;?grzle Isdggdto and to switch-on J
' ' 39.2 113 126.5 -8°C/0°C element 1 in series+PDS No, by analysis g group Will be
Group 11, Bus ; back side of .
A heater Line 5A radiator disabled after start-

up. Will be enabled
on SSRMS.
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Power at Min Max
. Min - Number of . .
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
. Needed for startup of
Main Radiator 778 @ 106.1 | h hDOUbIEIS'dgd all electronics but J
~Ram, Set1, | 1061V | (PVGF) Dua 2 thermostats . eaters glued to group. Will be
' ' , 126.5 -8°C/0°C element 4 in series+PDS No, by analysis back side of . '
Group 1, Bus 88.2 @ 113 . - disabled after start-
heater Line 2B radiator (2) and
B 113V (1SS) IPD side walls (2) up. No power through
PVGF.
Needed for startup of
Main Radiator 689 @ 106.1 Double sided all electronics but J
Dual 2 thermostats :
—Ram, Set1, 106.1V (PVGF) 126.5 8°C 1 0°C element 20 in series+PDS No, by analysis heaters gIL_Jed to JT group. Will be
Group 2, Bus 782 @ 113 heater Line 2B crate main walls disabled after start-
B 113V (1SS) (10x2) up. No power through
PVGF.
Needed for startup of
Main Radiator 60.5@ 106.1 Double sided all electronics but J
Dual 2 thermostats :
—Ram, Setl, 106.1v (PVGF) 126.5 -8°C/0°C element 20 in series+PDS No, by analysis heaters gl_ued toJ group. Will be
Group 3, Bus 68.6 @ 113 heater Line 2B crate main walls disabled after start-
B 113V (1SS) (10x 2) up. No power through
PVGF.
Needed for startup of
Main Radiator 518 @ 106.1 Dual 2 thermostats Double sided all electronics but J
—Ram, Set1, 106.1V (PVGF) Qo o : - . heaters glued to group. Will be
Group 4, Bus 58.8 @ 113 126.5 8*c/0°C erl]eer;(;?t 2 n Sfirr']zS;;DS No, by analysis back side of disabled after start-
B 113V (1SS) radiator up. No power through
PVGF.
Needed for startup of
Main Radiator 778 @ 106.1 Dual 2 thermostats Double sided all electronics but J
—Ram, Set1, 106.1V (PVGF) _qo o : - : heaters glued to group. Will be
Group 5, Bus 88.2 @ 113 126.5 8°C/o°C e:}i’;li?t 3 In SE{:}ZS;EDS No, by analysis back side of disabled after start-
B 113V (1SS) radiator up. No power through
PVGF.
Needed for startup of
Main Radiator 778 @ 106.1 Dual 2 thermostats Double sided all electronics but J
—Ram, Set1, 106.1V (PVGF) _go o : : . heaters glued to group. Will be
Group 6, Bus 88.2 @ 113 126.5 8°C/o°C e:}ig}i?t 3 In sfirr']isngs No, by analysis back side of disabled after start-
B 113V (1SS) radiator up. No power through
PVGF.
Main Radiator 69.1 @ 106.1 Dual 2 thermostats Double sided Needed for startup of
—Ram, Set 2, 106.1V (PVGF) o o : - . heaters glued to all electronics but J
126.5 -8°C/0°C element 2 in series+PDS No, by analysis . ;
Group 7, Bus 784 @ 113 heater Line 5B back side of group. Will be
B 113V (1SS) radiator disabled after start-
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Power at .
. Min bl s - Number of . .
Heater String v Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
oltage elements
(\Vdc) (\Vdc)
(W)
up. No power through
PVGF.
Needed for startup of
Main Radiator 69.1 @ 106.1 Dual 2 thermostats Double sided all electronics but J
—Ram, Set 2, 106.1V (PVGF) o o : - - heaters glued to group. Will be
Group 8, Bus 784 @ 113 126.5 -8°Cc/0°C erl]emtent 2 In sirles;gDs No, by analysis back side of disabled after start-
B 113V (1SS) eater Ine radiator up. No power through
PVGF.
Needed for startup of
Main Radiator 69.1 @ 106.1 Dual 2 thermostats Double sided all electronics but J
—Ram, Set 2, 106.1V (PVGF) o o . - . heaters glued to group. Will be
Group 9, Bus 784 @ 113 126.5 -8°c/0°C erllen’l[ent 2 In sE\_rles;rgDS No, by analysis back side of disabled after start-
B 113V (1SS) eater ine radiator up. No power through
PVGF.
Needed for startup of
Main Radiator 69.1 @ 106.1 Double sided all electronics but J
—Ram, Set 2, 106.1V (PVGF) 1265 8°C/ 0°C elg:wzlnt 5 ii 22?:2;25;%55 No. by analvsis heaters glued to group. Will be
Group 10, Bus 784 @ 113 ) heater Line 5B by y back side of disabled after start-
B 113V (1SS) radiator up. No power through
PVGF.
Needed for startup of
Main Radiator 346 @ 106.1 Dual 2 thermostats Double sided all electronics but J
—Ram, Set 2, 106.1V (PVGF) ° o : - . heaters glued to group. Will be
Group 11, Bus 39.2@ 113 126.5 g°c/o°c erl]emtent 1 In SEF'ES;EP}DS No, by analysis back side of disabled after start-
B 113V (1SS) eater ine radiator up. No power through
PVGF.
. Needed for startup
Main Radiator Dual 2 thermostats h;?:rzlelﬂggio and when electronics
— Wake, Group 63.3 113 126.5 -10°C/ +5°C element 3 in series + PDS | No, by analysis back s%de of are off. Will be
1,Bus A heater Line 8A . disabled after start-
radiator up
. Needed for startup
Main Radiator Dual 2 thermostats h;?:rzlglsdggdto and when electronics
— Wake, Group 63.3 113 126.5 -10°C/ +5°C element 3 in series + PDS | No, by analysis back side of are off. Will be
2, Bus A heater Line 8A . disabled after start-
radiator up
Main Radiator Dual 2 thermostats Double sided Needed for startup
— Wake, Group 63.3 113 126.5 -10°C/ +5°C element 3 in series + PDS | No, by analysis heaters glued to and when electronics
1, BusB heater Line 8B back side of are off. Will be
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Power at .
Min bl s Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
radiator disabled after start-
up.
. Needed for startup
Main Radiator Dual 2 thermostats h;(t):rzlelsulggdto and when electronics
— Wake, Group 63.3 113 126.5 -10°C/ +5°C element 3 in series + PDS | No, by analysis back s%de of are off. Will be
2,BusB heater Line 8B - disabled after start-
radiator up
1 thermostat +
TRDGB C-box PDS Line A3 .
pump canister 11.4 113 126.5 +10C/+15C Kapton 2 (shared No Glued to surface of | - Enabled during
Bus A thermostat pump P '
with valves)
1 thermostat +
TRDGB C-box PDS Line B3 .
pump canister 11.4 113 126.5 +10C/+15C K"]i‘p.m” 2 (shared No Enabled during
oil operation.
Bus B thermostat
with valves)
1 thermostat +
PDS Line A3 . .
TRDGB C-box 36 113 126.5 +10C/+15C resistor 4 (shared No Resistors glued on Enabled during
valves Bus A valve bracket operation.
thermostat
with canister)
1 thermostat +
PDS Line B3 . .
TRDGB C-box 36 113 126.5 +10C/+15C resistor 4 (shared No Resistors glued on Enabled during
valves Bus B valve bracket operation.
thermostat
with canister)
TRDGB . .
Lower 2-valve 6.2 113 126.5 +10C/+15C resistor 2 1 thermostat + No Resistors glued on | Enabled during
PDS Line A3 valve bracket operation.
block Bus A
TRDGB . .
Lower 2-valve 6.2 113 126.5 +10C/+15C resistor 2 1 thermostat + No Resistors glued on Enabled during
PDS Line B3 valve bracket operation.
block Bus B
TRDGB Upper . .
2-valve block 45 113 1265 +10C/+15C resistor 2 1 thermostat + No Resistors glued on | Enabled during
Bus A PDS Line A3 valve bracket operation.
TRDGB Upper . .
2-valve block 45 113 126.5 +10C/+15C resistor 2 1 thermostat + No Res'sltors g'“ﬁd on Enabled during
Bus B PDS Line B3 valve bracket operation.
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Power at .
Min all ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(W) (\Vdc) (\Vdc)
TRDGB Vent . 1 thermostat + Resistors glued on Enabled during
valve Bus A 3.2 113 126.5 +10C/+15C resistor 2 PDS Line A3 No valve bracket operation.
TRDGB Vent . 1 thermostat + Resistors glued on Enabled during
valve B Bus 3.2 113 1265 +10C/+15C resistor 2 PDS Line B3 No valve bracket operation.
TRDGB 4- 1 thermostat + Resistors glued on Enabled during
valve Block 8 113 126.5 +10C/+15C resistor 2 . No :

Bus A PDS Line A3 valve bracket operation.
TRDGB 4- . .
valve Block 8 113 126.5 +10C/+15C resistor 2 1 therm_ostat + No Resistors glued on Enabled QUrlng

Bus B PDS Line B3 valve bracket operation.

154 @

106.1V (at | 106.1 (at .
RICH, Ram Double sided .
(+Ram/Port) E;/ GF) | PVGR) | 1265 -27C/-21C Kapt.cl’” 2 1 thermostat + No heater glued to Enabled during

Bus A 5@ 113 (on Foi PDS Line A7 octagonal structure operation.
113V (on ISS)
ISS)

RICH, Ram Double sided .
(+Ram/Port) see above asgsle 126.5 -27C/-21C K;ﬁ?n 2 1;8?3%8;2; No heater glued to EngbLe;gt?cl)Jr:mg

Bus B octagonal structure P '
RICH, Port Double sided .

(+Port/Wake) see above see 126.5 -27C/-21C Kapt_on 2 1 therm_ostat * No heater glued to Enabled QUrmg
above Foil PDS Line A7 operation.

Bus A octagonal structure
RICH, Port Double sided .

(+Port/Wake) see above See 126.5 -27C/-21C Kapton 2 1 therm_ostat - No heater glued to Enabled (_jurmg
above Foil PDS Line B7 operation.

Bus B octagonal structure
RICH, Wake Double sided

(+Wake/Starbo see above see 126.5 27¢)-21C Kapt_on 2 1 therm_ostat + No heater glued to Enabled (_:iurlng
ard) above Foil PDS Line A7 | operation.

Bus A octagonal structure
RICH, Wake Double sided

(+Wake/Starbo see above see 126.5 27C/-21C Kapt_on 2 1 therm_ostat + No heater glued to Enabled QUrmg
ard) above Foil PDS Line B7 operation.

Bus B octagonal structure

RICH,

Starboard Double sided .
(+Starboard/Ra | see above see 126.5 -27C/-21C Kap'gon 2 1 therm_ostat * No heater glued to Enabled (_jurmg
above Foil PDS Line A7 operation.
m) octagonal structure
Bus A

B-10
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Power at .
Min all ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
RICH,
Starboard Double sided .
(+Starboard/Ra | see above see 126.5 -27C/-21C Kapt_on 2 L therm_ostat - No heater glued to Enabled QUrmg
above Foil PDS Line B7 operation.
m) octagonal structure
Bus B
154 @
ECAL 106.1V at 106.1 (at Double sided
' PVGF PVGF) ) : Kapton 1 thermostat + heater glued to Enabled during
Stngsozrd 175@ 113 (on 126.5 18C/-12C Foil 4 PDS Line Al No back of radiator operation.
113V on ISS) structure
ISS
ECAL Double sided
Starboard see above 113 126.5 -18C/-12C Kapton 4 1 therm_ostat - No heater glue_d to Enabled QUrlng
Bus B Foil PDS Line B1 back of radiator operation.
structure
Double sided
ECAL, Wake Kapton 1 thermostat + heater glued to Enabled during
Bus A see above 113 1265 -18C/-12C Foil 4 PDS Line Al No back of radiator operation.
structure
Double sided
ECAL, Wake e/ Kapton 1 thermostat + heater glued to Enabled during
Bus B see above 113 1265 18C/-12C Foil 4 PDS Line B1 No back of radiator operation.
structure
Double sided
ECAL, Port ) : Kapton 1 thermostat + heater glued to Enabled during
Bus A see above 113 1265 18C/-12C Foil 4 PDS Line Al No back of radiator operation.
structure
Double sided
ECAL, Port e/ Kapton 1 thermostat + heater glued to Enabled during
Bus B see above 113 1265 18C/-12C Foil 4 PDS Line B1 No back of radiator operation.
structure
Double sided
ECAL, Ram . : Kapton 1 thermostat + heater glued to Enabled during
Bus A see above 113 1265 18C/-12C Foil 4 PDS Line Al No back of radiator operation.
structure
1 Double sided
ECAL, Ram 1ar/ Kapton 1 thermostat + heater glued to Enabled during
Bus B see above 113 1265 18C/-12C Foil 4 PDS Line B1 No each of the two E- operation.

crates

B-11
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Power at .
Min all ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
265 @
106.1V at 106.1 (at 1 Double sided
E-crate (E-0) PVGF PVGF) ) : Kapton 1 thermostat + heater glued to the
Bus A 300 @ 113 (on 1265 18C/-12C Foil 1 PDS Line A6 No bottom plate of the
113V on ISS) E-crate housing
ISS
1 Double sided
E-crate (E-0) see ) : Kapton 1 thermostat + heater glued to the
Bus B see above above 126.5 18C/-12C Foil 1 PDS Line B6 No bottom plate of the
E
1 Double sided
E-crate (E-1) see Kapton 1 thermostat + heater glued to the
Bus A see above above 1265 -18C/-12C Foil 1 PDS Line A6 No bottom plate of the
E
1 Double sided
E-crate (E-1) see ) : Kapton 1 thermostat + heater glued to the
Bus B see above above 126.5 18C/-12C Foil 1 PDS Line B6 No bottom plate of the
E
6.6 @
106.1 (at i
Lower TOF, 106.1 at 1 Double sided .
+X PVGF fl\gczgr)] 126.5 -27C1-21C Kapton 1 tggrﬂffetapt\; No heater glued to E”gbg‘gt?;:'"g
Bus A 75@ 113 TOF structure P '
ISS)
on ISS
Lower TOF, 1 Double sided .
+X See above See 126.5 -27C/-21C Kapt_on 1 L therm_ostat - No heater glued to Enabled (_jurlng
above Foil PDS Line B7 operation.
Bus B TOF structure
83@
106.1 (at i
Lower TOF, 106.1 at 1 Double sided .
+Y PVGF fl\f(gr)] 126.5 -27C/-21C Kg‘;tl?” 3 ngrmztapt; No heater glued to E”gbLergt‘ij(;’r:'”g
Bus A 9.4 @ 113 TOF structure P '
ISS)
on ISS
Lower TOF, 1 Double sided .
+Y See above see 126.5 -27C/-21C Kap‘gon 3 L therm_ostat - No heater glued to Enabled (_jurlng
above Foil PDS Line B7 operation.
Bus B TOF structure
6.6 @
106.1 (at i
Lower TOF, - 106.1 at 1 Double sided .
X PVGF fl\f(gr)] 126.5 -27C/-21C Kg‘(’)tl‘l)” 1 tg‘grmztapt; No heater glued to E”gbLer‘;t?;:'”g
Bus A 75@ 113 159) TOF structure P :
on ISS
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at .
Min bl s Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
Lower TOF, - 1 Double sided .
X see above See 126.5 -27C/-21C Kaptlon 1 1 therm_ostat * No heater glued to Enabled QUrlng
above Foil PDS Line B7 operation.
Bus B TOF structure
8.3@
106.1 (at .
Lower TOF, - 106.1 at 1 Double sided .
% PVGF fl\gig% 126.5 -27C1-21C K;'gtl‘l)” 3 tg‘grmsetaAt; No heater glued to E”gb.'fr‘;t?(;’;'”g
Bus A 9.4 @113 TOF structure P :
ISS)
on ISS
Lower TOF, - 1 Double sided .
Y See above See 126.5 -27C/-21C Kapton 3 1 therm_ostat * No heater glued to Enabled QUrlng
above Foil PDS Line B7 operation.
Bus B TOF structure
EHV & RHV
Bricks (10 6;%}8%1 13\6/'éé§t Kapton 1 thermostat 1 Double sided
High Voltage 126.5 -18C/-12C Pt 10 per brick + No heater glued inside
75 @ 113 113 (on Foil - .
Boxes total) PDS Line A6 each brick box
on ISS ISS)
Bus A
EEXC‘E‘S F;l'_('JV see Kapton 1 thermostat 1 Double sided
see above 126.5 -18C/-12C ot 10 per brick + No heater glued inside
total) above Foil . -
PDS Line B6 each brick box
Bus B
Accu Wall P-
Box 36.0 26.5 295 variable Kf:"gtlf” 1 3 x PT1000s No Glued ‘\’,C;ne ACCU | Ground Test, Control
TTCS-P A
Accu Wall P-
Box 360 26.5 295 variable Kapion 1 3 x PT1000s No Glued on 1 AU | Ground Test, Control
TTCS-PB
Accu Wall S-
Box 36.0 265 295 variable Kapton 1 3 x PT1000s No Glued on the Accu |\ 11d Test, Control
Foil Wall
TTCS-S
Accu Wall S-
Box 360 26.5 295 variable Kapton 1 3 x PT1000s No Glued on the Accu | 114 Test, Control
Foil Wall
TTCS-S
Accu Heat Soldering onto the
Pipe P-Box 33.6 26.5 295 variable Wire 1 Thermostats No g ontc Flight Test, Control
Accu heat pipe
TTCS-P
Accu Heat Soldering onto the
Pipe S-Box 33.6 26.5 29.5 variable Wire 1 Thermostats No, by analysis g ontc Flight Test, Control
Accu heat pipe
TTCS-P
A.CCU Heat 33.6 26.5 29.5 variable Wire 1 Thermostats No, by analysis Soldering onto the Flight Test, Control
Pipe S-Box Accu heat pipe
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at .
; Min Min Ao " Number of " .
Heater String v Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
oltage (Vdo) (Vdo) elements
(W)
TTCS-S
Aceu Heat Soldering onto the
Pipe S-Box 33.6 26.5 295 variable Wire 1 Thermostats No, by analysis - Flight Test, Control
Accu heat pipe
TTCS-S
Used to assure that
Pre-Heater . _ Soldering onto the liquid CO2 entering
TTCS-P ' 8 26.5 29.5 - Wire 1 TTCE Bus A No, by analysis | Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
Used to assure that
Pre-Heater _ _ Soldering onto the liquid CO2 entering
TTCS-P ' 8 26.5 29.5 - Wire 1 TTCE Bus A No, by analysis Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
Used to assure that
Pre-Heater _ _ Soldering onto the liquid CO2 entering
TTCS-P ' 8 26.5 29.5 - Wire 1 TTCE Bus B No, by analysis Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
Used to assure that
Pre-Heater _ _ Soldering onto the liquid CO2 entering
TTCS-P ' 8 26.5 29.5 - Wire 1 TTCEBus B No, by analysis Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
Used to assure that
Pre-Heater _ _ Soldering onto the liquid CO2 entering
TTCS-S ' 8 26.5 29.5 - Wire 1 TTCE Bus A No, by analysis Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
Used to assure that
Pre-Heater _ _ Soldering onto the liquid CO2 entering
TTCS-S ' 8 26.5 29.5 - Wire 1 TTCE Bus A No, by analysis Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
Used to assure that
Pre-Heater _ _ Soldering onto the liquid CO2 entering
TTCS-S ' 8 26.5 29.5 - Wire 1 TTCEBus B No, by analysis Pre-heater copper the_TTCS evaporator
structure is at saturation
temperature
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at .
Min all ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
Used to assure that
Pre-Heater Soldering onto the liquid CO2 entering
TTCS-S ' 8 26.5 295 - Wire 1 TTCE Bus B No, by analysis Pre-heater copper | the TTCS evaporator
structure is at saturation
temperature
. Heats CO2 above
Start-up, 43.8 26.5 295 +60/+80 Wire 1 3 T_hermpstats No, by analysis Soldering onto the minimum Tracker
TTCS-P in series Heat Exchangers -
switch on temperature
. Heats CO2 above
iﬁgsu% 4338 26.5 205 +60/+80 Wire 1 3 Tir;esre”:?;;ats No, by analysis Sﬁé‘;frér)‘(%ﬁ:rfoet:‘se minimum Tracker
g switch on temperature
. Heats CO2 above
?_t_la}gsu% 43.8 26.5 29.5 +60/+80 Wire 1 3 'I'it;esrer:’rlioesstats No, by analysis Sﬁéif%l%ﬁ:gogge minimum Tracker
g switch on temperature
. Heats CO2 above
Start-up, - 3 Thermostats . Soldering onto the g,
TTCS-S 43.8 26.5 295 +60/+80 Wire 1 in series No, by analysis Heat Exchangers minimum Tracker
switch on temperature
. Soldering onto the L
Cold Orbit, . . . Prevent freezing in
TTCS-P 54.0 26.5 29.5 +60/+80 Wire 1 TTCE Bus A No, by analysis | Cold-Orbit copper the condenser
structure
. Soldering onto the Lo
Cold Orbit, . . . Prevent freezing in
TTCS-P 54.0 26.5 295 +60/+80 Wire 1 TTCE Bus B No, by analysis | Cold-Orbit copper the condenser
structure
. Soldering onto the Lo
Cold Orbit, . . . Prevent freezing in
TTCS-S 54.0 26.5 29.5 +60/+80 Wire 1 TTCE Bus A No, by analysis | Cold-Orbit copper the condenser
structure
. Soldering onto the Lo
Cold Orbhit, . . Ak Prevent freezing in
TTCS-S 54.0 26.5 29.5 +60/+80 Wire 1 TTCE Bus B No, by analysis | Cold-Orbit copper the condenser
structure
Wire wrapped
2 Thermostats around Capillary .
- . . - A Need to thaw CO2 in
TTCS Liquid 1*Wire in series + No, By Test & Liquid Lines, :
Lines, RAM P 156 26:5 295 +32C/+54C 1*Foil 2 PT100 & Analysis retention by lock T-zli-fct:esr C%w:rngi't;'zes
TTCE Bus A wire. Foil glues on P g
condenser plate
Wire wrapped
2 Thermostats : .
- . . - around Capillary Need to thaw CO2 in
TTCS Liquid 156 26.5 205 +32C/+54C 1"Wire 2 in series + | No, By Test & Liquid Lines, | TTCS condenser lines
Lines, RAM P 1*Foil PT100 & Analysis -
TTCE Bus A retention by lock after power outage

wire. Foil glues on
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at .
. Min all ML - Number of . .
Heater String Voltage Voltage | Voltage Set Point Type elements Control Safety Critical Mounting Comments
(\Vdc) (\Vdc)
(W)
condenser plate
Wire wrapped
2 Thermostats around Capillary Need to thaw CO2 in
TTCS Liquid 1*Wire in series + No, By Test & Liquid Lines, -
Lines, RAM S 156 265 295 +32C/+54C 1*Foil 2 PT100 & Analysis retention by lock Tl—f(f; c;(z)r\:\(li:rnglejglgr;es
TTCE Bus A wire. Foil glues on
condenser plate
Wire wrapped
2 Thermostats around Capillary Need to thaw CO2 in
TTCS Liquid 1*Wire in series + No, By Test & Liquid Lines, -
Lines, RAqM S 156 26.5 295 +32C/+54C 1*Foil 2 PT100 & AnZIysis reter?tion by lock TTCS condenser lines
TTCE Bus A wire. Foil glues on after power outage
condenser plate
Wire wrapped
- 2 Thermostats around Capillary .
TTCS Liquid . . - A Need to thaw CO2 in
Lines, WAKE 15.6 26.5 205 +32C/+54C 1*Wire 2 inseries+ | No,ByTest& | LiquidLines, | pragcondencerlines
P 1*Foil PT100 & Analysis rgtentlop by lock after power outage
TTCE Bus A wire. Foil glues on
condenser plate
Wire wrapped
- 2 Thermostats around Capillary .
TTCS Liquid . . - NN Need to thaw CO2 in
Lines, WAKE 156 26.5 205 +32C/+54C 1*Wire 2 in series + | No, By Test & Liquid Lines, |+ condenser lines
p 1*Foil PT100 & Analysis retention by lock after power outage
TTCE Bus A wire. Foil glues on
condenser plate
Wire wrapped
- 2 Thermostats around Capillary .
TTCS Liquid . . - N Need to thaw CO2 in
Lines, WAKE 156 26.5 205 +32C/+54C L"Wire 2 In series + | No, By Test & Liquid Lines, | g condenser lines
s 1*Foil PT100 & Analysis retention by lock after power outage
TTCE Bus A wire. Foil glues on
condenser plate
Wire wrapped
- 2 Thermostats around Capillary .
TTCS Liquid . . - N Need to thaw CO2 in
Lines, WXKE 15.6 26.5 29.5 +32C/+54C 1’:}’"'?9 2 In series + No, By Te.St & L'qlf'd Lines, TTCS condenser lines
s 1*Foil PT100 & Analysis retention by lock after power outage
TTCE Bus A wire. Foil glues on
condenser plate
TTCr:];tPe:Box Deleted From Design
TTCS-P Box Deleted From Design
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Heater String

Power at
Min
Voltage
(W)

Min
Voltage
(\Vdc)

Max
Voltage

(Vdc)

Set Point

Type

Number of
elements

Control

Safety Critical

Mounting

Comments

heater

TTCS-S Box
heater

Deleted From Design

TTCS-S Box
heater

Deleted From Design

TRDGB CO2
Tank

19.3

26.5

+39C/+41C

Kapton
foil

4 thermostats
in series + UG-
crate A

Yes*

Heaters glued to
surface of carbon-
fiber overwrapped

tank.

*Needed to maintain
CO2 above saturation
temperature for
pressure
measurement. Failed
"ON" heaters could
cause excedence of
maximum design
temperature (+65C).
Failed "OFF" heaters
cause no hazard.

TRDGB CO2
Tank

19.3

26.5

+39C/+41C

Kapton
foil

4 thermostats
in series + UG-
crate B

Yes*

Heaters glued to
surface of carbon-
fiber overwrapped

tank.

*Needed to maintain
CO2 above saturation
temperature for
pressure
measurement. Failed
"ON" heaters could
cause excedence of
maximum design
temperature (+65C).
Failed "OFF" heaters
cause no hazard.

TRDGB Xe
Tank

15.8

26.5

+26C/+28C

Kapton
foil

4 thermostats
in series + UG-
crate A

Yes*

Heaters glued to
surface of carbon-
fiber overwrapped

tank.

*Needed to maintain
Xe above saturation
temperature for
pressure
measurement. Failed
"ON" heaters could
cause excedence of
maximum design
temperature (+65C).
Failed "OFF" heaters
cause no hazard.
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at

Min I b 2L Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage (Vdo) (Vdo) elements
(W)
*Needed to maintain
Xe above saturation
temperature for
pressure
TRDGEB Xe Kapton 4 thermostats Sm‘:;zzirso]?[:iergéﬁ_ measurement. Failed
15.8 26.5 +26C/+28C P! 8 in series + UG- Yes* ) "ON" heaters could
Tank foil fiber overwrapped
crate B cause excedence of
tank. . .
maximum design
temperature (+65C).
Failed "OFF" heaters
cause no hazard.
TRDGB Resistor 1 thermostat + Needed to maintain
Tower Bracket 7.44 26.5 +10C/+15C 2 No valves above
S UG-crate A A
Assy operating limit.
TRDGB . Needed to maintain
Tower Bracket 7.44 26.5 +10C/+15C Resistor 2 1 thermostat + No valves above
S UG-crate B A
Assy operating limit.
EBCS 50 zlrfzzrrrlr;?tztrs Maintains EBCS
o 113 126.5 -10C/-3.3C 2 P No above survival limits.
Primary (@120V) element, Power
. GFE.
Line A
EBCS 50 Zurfieerrr:;csmitrs Maintains EBCS
' 113 126.5 -18.3C/-13.3C 2 P No above survival limits.
Secondary (@120V) element, Power
. GFE.
Line B
4 thermostats
TRD M- 4 resistors in (two in parallel Resistors alued to Maintain TRD within
Structure, Ram 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
. parallel - M-Structure
side, Bus A other two in range
parallel)
4 thermostats
TRD M- 4 resistors in (two in parallel Resistors alued to Maintain TRD within
Structure, Ram 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
. parallel - M-Structure
side, Bus B other two in range
parallel)
4 thermostats
S-l;ﬁjlgtllj\fe 4 resistors in (two in parallel Resistors glued to Maintain TRD within
- 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
Wake side, parallel . M-Structure
other two in range
Bus A
parallel)
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES

JSC 49978D

Power at .
Min all ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage (Vdo) (Vdo) elements
(W)
4 thermostats
S-l;rR:JE:)tl'Jvrle 4 resistors in (two in parallel Resistors glued to Maintain TRD within
. 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
Wake side, parallel . M-Structure
other two in range
Bus B
parallel)
4 thermostats
TRD M- 4 resistors in (two in parallel Resistors alued to Maintain TRD within
Structure, Port 15.38 113 126.5 +10C/+20C Resistor in series with No 9 “best performace”
. parallel - M-Structure
side, Bus A other two in range
parallel)
4 thermostats
TRD M- 4 resistors in (two in parallel Resistors alued to Maintain TRD within
Structure, Port 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
. parallel - M-Structure
side, Bus B other two in range
parallel)
4 thermostats
S-l;rRuE:)tL':fe 4 resistors in (two in parallel Resistors glued to Maintain TRD within
! 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
Starboard side, parallel - M-Structure
other two in range
Bus A
parallel)
4 thermostats
S-l;ﬁjlgtllj\fe 4 resistors in (two in parallel Resistors glued to Maintain TRD within
! 15.38 113 126.5 +10C/+20C Resistor in series with No g “best performace”
Starboard side, parallel . M-Structure
other two in range
Bus B
parallel)
13, arranged as
follows.
4 branches in Maintain Tracker
parallel (A-B-C- plane 1N cavity at a
D) temperature such that
A=B=C=3 4 thermostats Heaters alued to tracker silicon and
patches each: one | (two in parallel 9 hybrids are within
Tracker Plane Kapton - . . . . " surface of carbon- - -
43 113 126.5 -10C/+5C . heater in series in series with Yes . . their operational
INS, Bus A foil y - fiber skin of the
with the parallel other two in sandwich range.
of two heaters parallel) *Controlled, Potential

D=4 patches: a
series of two
heaters in parallel
+ + one heater +
one heater

to overheat composite
structure, only a
preflight threat.
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AMS-02 THERMAL CONTROL SYSTEM (TCS) HEATER PROPERTIES
POI\V\/,I?rrI * b ML Number of
Heater String Voltage | Voltage Set Point Type Control Safety Critical Mounting Comments
Voltage elements
(\Vdc) (\Vdc)
(W)
13, arranged as
follows.
4 branches in Maintain Tracker
parallel (A-B-C- plane 1N cavity at a
D) temperature such that
A=B=C=3 4 thermostats Heaters alued to tracker silicon and
patches each: one | (two in parallel g hybrids are within
Tracker Plane Kapton - - . - - - surface of carbon- - -
43 113 126.5 -10C/+5C . heater in series in series with Yes - - their operational
1INS, Bus B foil . - fiber skin of the -
with the parallel other two in sandwich range. *Controlled,
of two heaters parallel) Potential to overheat
D= 4 patches: a composite structure,
series of two only a preflight
heaters in parallel threat.
+ + one heater +
one heater
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